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the measurements were numerous. The proper course is to 
determine it by the method of least squares. 

S 

Writing/for/(«) and omitting 1 + — , (3) may by the aid of 

F 

(7) be written in the form— 
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= (,-3 - P 0 r). 
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This is exactly analogous to the equations used by Maxwell in 
the determination of the quantity A 2 , which in his notation and 
method of development corresponds to P 0 (‘‘ Electricity and 
Magnetism,” second edition, vol. ii. p. 100). It is unnecessary 
to occupy the pages of Nature with a reproduction mutatis 
mutandis of his formulae. We can get, as he does, a general 
expression for P 0 when we have n equations at our disposal, 
and when n ~ 2 this reduces (in the notation of Prof. Havkness) 
to— 


(a) P„ = (A - A,)/(A U - A Jrf). 


If then in a magnetic survey observations are made at two dis¬ 
tances at a number of stations, we should take as the final value 
of P 0 the mean of the most probable values found at each 
station. As this would be unduly laborious, we approximate. By 
an obvious transformation (a) becomes— 

log (l - p 2 j - log (I - j = log a - log Aj 
••• Po(r- 3 - n' 3 ) + £°V 4 -rr 4 )+ &c. = lQ g A 

2 M 

Thus to a first approximation— 

03) P„= pi\j£BA- 

rf - v M 

And if we substitute this value in the small term— 

M p = r A" log A - log A 1 

(7J 0 rf - r“ M 

_ i \ 2 + r- /l°g A log A t \ 

2 {r-f - r -) a \ M / 

This is the expression I gave. The effect of the small term in 
(y) is, as I pointed out, less than the error of experiment, but it 
diminishes the difference between the rigorous and approximate 
values of P 0 given in (cri and (#), and it is useful in indicating 
the magnitude of the difference between them. 

Fortunately all methods lead to (#) as a first approximation 
which we are agreed is close enough for practical purposes. If, 
however, we regard the observations as fallible, (a) gives a better 
value of P 0 than (14), and equation (7) gives a closer approxi¬ 
mation to it than (0) does. Arthur W. Rucker. 

Science Schools, South Kensington, November 24. 


so by a series of 282 observations made at Kew, employing 
twelve circles and twenty-four needles, all of the pattern which 
has been in use at Kew for several years past. The observa¬ 
tions were made by seven different observers; the results are 
published in the Proceedings of the Royal Society, March 186 r, 
vol. xi. p. 156, from entries in the Kew Observatory books, not 
a single observation having been omitted. The probable error 
4- 1' 5 rnay be regarded as including constant errors, considering 
the number of different circles and needles which were employed, 
as well as the peculiarities of different observers, of whom there 
were seven ” (the italics are General Sabine’s). The Astronomer- 
Royal then concluded by stating “ these are the probable errors 
which I cannot accept as accurate.” 

As a result of the correspondence, a series of observations 
was made at both the Greenwich and Kew Observatories by the 
observers of both institutions, with the same Kew pattern instru¬ 
ments, and then Sir G. Airy wrote, in a letter dated November 15, 
as follows : “As regards the results of observations, those made 
with the Kew instruments are consistent to a degree which I 
never saw before; and the results for dip obtainable with the 
Kew dip instruments are undoubtedly more consistent and more 
certain than I had supposed them to be.” 

A similar inquiry was set on foot by Dr. H. Wild, of St. 
Petersburg, and in 1886 we made a large number of observations 
with different needles for him, the resulting error of an observa¬ 
tion being in this case =b T'3. The most severe test, so far as 
we are aware, which has been applied to dip observation, is that 
recently described by M. E. Leyst, of St. Petersburg, in a quarto 
volume of 133 pages, published in the Repertorium fur Meteoro- 
logic , entitled “ Untersuchung fiber Nadel Inclinatorien.” 

The author discusses some 6576 observations of dip made 
with different instruments and needles, and determines their 
probable errors, which he always find small, so much so that he 
deduces the corrections to hundredths of a minute of arc. To 
quote particular ca^es, he determines from thirty series of com¬ 
parisons between observations and the simultaneous readings of 
the magnetographs and the induction inclinometer, that the 
difference amounts to only i'*o6; and again, by comparing at 
Pawlowsk the fifteen needles of the three dip instruments of the 
Pawlowsk, Irkutsk, and Ekaterinburg Observatories (all of 
English make, obtained through this Observatory), he finds their 
mean correction to be nil. 

Judging from the experience gained at Kew by the examina¬ 
tion of probably 150 circles and 500 needles by various makers 
and different observers, ! can thoroughly indorse Prof. Rficker’s 
opinion that Prof. Nipher’s instruments are scarcely capable of 
satisfying modern requirements as to accuracy, and are such that 
were they submitted to us for examination they would be 
promptly returned to their makers for adjustment. 

G. M. Whipple. 

Kew Observatory, November 26. 


Gore’s Railway. 


P.S.—It may be well to add that, although the formula for 
A 2 is correctly given by Maxwell in line 17, p. 101, the value of 
A 2 deduced below is incorrect, being really that of 2MA 2 /H. 
There is another misprint immediately below, 5D being sub¬ 
stituted for 5Q in the second edition. 


Instability of Freshly Magnetized Needles. 

I should like to be permitted to support Prof. Rficker in his 
reply to Prof. Nipher (Nature, vol. xxxvii. p. 77), with a few 
remarks on the subject of observations of magnetic dip. 

The question of the degree of accuracy of dip observations 
is one that has been repeatedly raised and discussed. In 1864 
in his report to the Board of Visitors, the Astronomer-Royal, 
Sir G. B. Airy, referred to the matter, and a correspondance 
between him and the Chairman of the Kew Committee (Mr. 
L. P. Gassiot) ensued, which is printed in extenso in the Report 
of the British Association for 1864, pp. xxxiv.-xlvii. 

In reply to an inquiry by Mr. Gassiot as to whether the 
paragraph in the Report was intended to apply to dip observa¬ 
tions made at the Kew Observatory, Sir G. B. Airy quoted the 
following statement by Sir E. Sabine :—“ The probable error of 
a single observation of the dip with reliable instruments of easy 
procurement is known to be ± i'*5. It has been shown to be 


As I have had several letters concerning my use of Dr. Gore’s 
arrangement, depicted on p. 107 of your last week’s issue, 
perhaps I may as well say that I am aware it is commonly re¬ 
garded as a Trevelyan rocker, and that I doubt not its function 
in that connection. This point of view is so familiar to every 
one, through Tyndall’s “ Heat,” that I thought it unnecessary 
to mention it. But I have occasionally heard the motion of the 
ball attributed to the electro-magnetic action of the current on 
itself—which is impossible—and I thought it useful to point out 
that it could nevertheless be used as an illustration of electro¬ 
magnetic force, provided a vertical magnetic field is applied as 
well as a current. I should imagine the earth not too weak to 
have an effect under favourable conditions ; but of course such 
an effect would be strictly definite in direction, and reversible. 

Oliver J. Lodge. 


The Highciere Bagshots. 

The notice in Nature for December 1 (p. 104), by my 
friend Mr. R. S. Herries, of casts of shells in the Bagshot Beds 
at Highciere tends strongly to confirm the results of my own 
work in that district. On the strength of physical and strati 
graphical evidence, I have shown the development in that 
neighbourhood of all the three stages of the Bagshot formation 
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as we know it in the London Basin. This will be seen on the 
publication of a paper which was sent in to the Secretary of the 
Geological Society on October 10 last, but has not yet been 
put down by the Council for reading. A. Irving. 

Wellington College, Berks, December 2. 


The Ffynnon Beuno and Cae Gwyn Caves. 

Mr. Worthington G. Smith’s letter in Nature of Decem¬ 
ber 1 (p. 105), is so misleading that I hope I may be allowed to 
reply to it. As is usual with highly prejudiced observers, he 
has attempted to prove too much for his case, as he might have 
seen had he taken the trouble to refer to my papers. The scraper 
which he mentions was submitted to Dr. John Evans for his 
opinion, and his conclusion as given in my paper in the Pro¬ 
ceedings of the Geologists’ Association, vol. ix. p. 17, is as follows. 
The scraper “is not of a river-drift form, so far as at present 
known, but is precisely like many from the French caves of the 
reindeer periods, such, for instance, as La Maclelaine.” Mr. 
Worthington Smith’s contention therefore that it agrees exactly 
with “ the Neolithic scrapers of Icklingham and Mildenhall ” 
can only prove that there is no chronological value in the classi¬ 
fication of such implemenls. I must explain, however, that we 
have based no argument on the scraper referred to, since it was 
found, before the explorations were properly commenced, in an 
open part of the cavern, and, as stated by me in the paper referred 
to, “ it would be improper to dogmatize on this evidence.” I 
may say at once that I entirely demur to any classification based 
on the form of the implements rather than on the fauna asso¬ 
ciated with* them, and I see no reason whatever to suppose that 
the worn, roughly-trimmed implements usually found in river 
gravels are older than the better-preserved flakes and trimmed 
implements found in caverns, which would be used for a 
different purpose from the rougher ones. The implements 
discovered subsequently belong to the so-called oldest types 
found in caverns, and were associated with Mammalian re¬ 
mains, equally characteristic of the oldest river gravels as of 
the caverns. Mr. Smith’s statements in regard to the drift “in 
front of the Denbighshire caves” are of so extraordinary a 
character that I am tempted to ask him, before I criticize those 
statements, whether he ever visited the Ffynnon Beuno Caves 
during the course of the explorations, whether he ever saw the 
section of the drift exposed at the Cae Gwyn Cave, and what 
evidence he can bring forward to support his statements that the 
drift “ is not in its original position, but distinctly and obviously 
relaid,” and that he doubts “ whether before it was relaid it was 
a true Glacial gravel at all ? ” I think the members of the 
British Association Committee, who have carefully conducted the 
explorations, and have the strongest evidence in support of their 
conclusion that the caverns, which are now about 400 feet above 
sea-level, were occupied by man and the animals before the 
marine drift and boulder-clay covered them over, have a right to 
ask for the data upon which such statements as those above 
referred to are based. These relate to facts, and must be dealt 
with in a different manner from those statements which are made 
clearly from a bias against the idea of Glacial and pre-Glacial 
man. Mr, Smith says that he has not been able to read up the 
literature of the subject, therefore he is probably unaware of the 
fact that Prof. Prestwich has recently (Quart. Journ. Geol. Soc. 
for August last) stated that he has arrived at the conclusion that 
the high-level gravels, with implements, in the valleys of the 
Somme, Seine, Thames, and Avon date back to Glacul or pre- 
Glacial times; and that “the great masses of gravel in the 
neighbourhood of Mildenhall and Lakenheath, also containing 
flint implements, are certainly rnt of fluviatile origin” ; and that 
they seem to him “to be part of the phenomena connected with 
the passage of the great ice-sheet over the eastern counties, and 
in that sense pre-Glacial.” Henry Hicks. 

Hendon, December 2. 


Cloud Movements in the Tropics, and Cloud 
Classification. 

A few months ago I called attention to the fact that the 
general movement of the upper clouds in the tropical regions of 
the Atlantic was from a westerly point ; since then I have 
worked up all my observations (which extend over a period of 


331 days spent in these regions in all months of the year except 
June) with the following results :— 


Between latitudes 
N. 23 0 and 17 0 
N.16 0 „ ii° 
N. io° ,, 6° 


S. 6° ,, io° 
S. ii° „ 15 0 
S. 16° „ 23° 


Upper layer of 
cloud comes from 

S. 6 f W. 

S. 564 ° W. 

S. 1° W. 
N, 41° W. 
N. 32° W. 
N.45 0 W. 
N. 53° W. 

S. 86° W. 


Middle layer of 
cloud comes from 

S. 45° W. 

S. 83° W. 

S. if W. 

N. 35 ° E. 

N. 78° E. 

S. 58° W. 

N. 16° W. 

N. 55° W. 


Taking a general mean for the whole region, this gives for the 
upper layer of clouds N. 864° W., and for the middle layer 
of clouds S. 73 ° W. These results are from observations taken 
by myself, and no observation was registered if there was the 
slightest doubt as to the cloud movement. The ordinary ship 
register of upper cloud movements is worse than useless, a pro- 
pagatory movement of the upper clouds being constantly 
mistaken for their real movement, and the names being 
hopelessly mixed, the cirro-cumulus being the source of most 
mistakes. 

The cirro-cumulus exceeds all other forms of cloud in extent, 
ranging from the delicate fine mottles at a great elevation to the 
large flaky masses quite low down, and until it is considered a 
middle layer cloud we are certain to have some confusion. 

It is quite time that cloud classification was placed on a more 
satisfactory basis. Now one observer will call a certain form of 
cirro-cumulus, a cumulo-cirrus ; a moderately high (middle layer) 
stratus of uniform texture, a cirro-stratus ; again, one form of low 
stratus, a pallio-stratus. Another observer will even call a de¬ 
tached fragmentary stratus, cirro-cumulus ; and lots of ob¬ 
servations will be useless from one observer failing to understand 
the particular form of cloud A calls pallio-stratus or B calls 
cirro-cumulus, Far better to keep to Luke Howard’s simple 
nomenculature till some classification is definitely fixed to which 
all can agree. 

To be satisfactory the classification must be founded on the 
physical and morphological (if I may use the word here) structure 
of clouds, I find no difficulty in making observers understand 
the difference between a stratiform and a cumuliform cloud ; this 
is the first step, and once the distinction is thoroughly grasped 
the rest is comparatively easy. I propose something of this sort. 
Two orders, the “ Stratiforms ” and the “ Cumuliforms,” these 
to be subdivided into types, and these again into species ; e.g. 
taking the ordinary dud-looking stratus commonly seen in 
anticyclonic areas, it would be described as— 


Order ... Stratus. 

Type ... Low-stratus. 

Species ... Pallio-stratus. 

Or take that form of cirrus which appears as lines or threads right 
across the sky ; it would be destribed thus— 

Order ... Stratus. 

Type ... Cirrus. 

Species ... Cirro-filum. 

By using this system an observer would be gradually brought to 
recognize first the broad distinctions and then the minute 
distinctions in clouds. David Wilson-Barker. 


THE FORMS OF CLOUDS. 

CO much attention has been given of late years to the 
*•-' study of clouds, and so many names have been sug¬ 
gested by different writers for the same form of cloud, 
that the whole question of cloud forms and cloud names 
must soon be referred to an International Congress. A 
few remarks on certain broad facts connected with the 
shapes of clouds, and on the fundamental principles by 
which weather forecasts are deduced from these forms, 
may therefore be acceptable to those who have not given 
special attention to the subject. 

The two most important facts which must never be for¬ 
gotten are : (1) that cloud forms are essentially the same all 
over the world ; and (2) that there are only five or six 
distinct structures of clouds. 
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